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li'jrnoDucTioN 


This  is  the  final  engineering  report  of  the  Angle  of  Site 
Feasibility  Study.  Most  of  the  conclusions  and  recommendations 
were  pointed  out  in  the  interim  report  of  January  I96I  (a  copy 
of  which  is  attached).  This  final  engineering  report  will  augment 
the  conclusions  and  recommendations  contained  in  the  interim  report. 

II  CONCLUSIONS 

A.  Correction  for  the  error  due  to  neglect  of  angle  of  site 
is  feasible,  and  a  correction  equation  can  be  formulated  to  accom¬ 
modate  most  ammunitions. 

B.  Instrumentation  of  this  correction  can  be  made  simply  and 
for  a^conparatively  small  cost. 

C.  Inasmuch  as  the  XMI6  Computer  was  designed  to  perform 
with  an  overall  accuracy  g.2  mil,  optimum  operation  can  never  be 
attained  unless  some  correction  is  made  for  the  angle  of  site 
error.  By  comparing  figure  1  to  figure  2,  it  is  sho’.'mi  that  the 
error  is  reduced  py  a  factor  of  greater  than  10.  The  maximum 
error  remaining  aft’er  correction  is  seen  t®  be  0.l3  mil  as  compared 
to  an  error  of  greater  than  2.0  mils  without  correction. 

Referring  to  figure  2,  the  error  has  actually  been  over¬ 
corrected.  This  is  a  function  of  the  constant  "K"  term  in  the 
correction  equation.  At  the  tima  tr^is  particular  "K"  term  was 
chosen,  the  /|000-yard  errors  were  being  considered  for  correction 
as  well  as  the  1000- ,  2000- ,  and  3C0C-yard  range  errors.  Since 
the  4000-yard  range  is  beyond  the  area  of  interest  and  is  to  be 
disregarded,  a  new  "K"  term  could  be  chosen  which  would  further 

minimize  the  remaining  errors  after  correction  for  the  three 
ranges  concerned. 


Ill  RECOI^ISNDATIONS 


A,  The  correction  equation  described  in  the  interim  report 
and  referred  to  in  the  conclusions  of  this  report  applies  directly 
to  the  two  ammunitions  studied,  riEAT-T-300  and  AFDS-T-392.  A 
request  for  additional  funds  has  been  made  and  is  recommended  now 
in  order  that  additional  aiiimunitions  may  be  studied.  A  family 

of  ballistic  curves  could  be  generated,  and  from  this  data  the 
present  correction  equation  could  be  modified  so  as  to  be  appli¬ 
cable  to  all  ammunitions  involved. 

B.  It  is  further  recommended  that  a  simple  pendulous  device, 

which  would  generate  this  correction,  be  designed  and  built  for 

•  «  ^ 

mechanisation  into  the  computer. 
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INTRODUCTION 


Ballistic  Computer  XI'll6  has  been  designed  to  calculate 
superelevation  for  targets  located  at  the  same  altitude  reference 
as  the  tank.  The  computer  is  provided  with  data  representing 
slant  range  to  a  target,  and,  through  the  mechanization  of  the 
zero  height  of  target  relationships  between  superelevation  and 
range,  calculates  the  appropriate  superelevation,  'incidental  to 
this  investigation,  it  should  be  noted  that  the  computer  does 
correct  for  many  exterior  ballistic  effects  such  as  cant,  drift, 
gun  droop.  Jump,  and  wear  of  the  gun  tube.  Since  the  only 
mechanized  factors  are  those  pertaining  to  zero  height  of  target, 
the  computer  does  not  recognize  those  situations  in  which  the 
target  arid  tank  are  at  different  altitude  references. 

At  present,  therefore,  *the  method  used  to  arrive  at  the 
desired  firing  angle  is  to  treat  the  situation  as  if  the  target 
were  at  the  sarnie  height  as  the  tank.  The  ra.ngeflnder  is  used  .to 
determine  slant  range  to  the  target  by  elevating  it  by  the  angle- 
of-slte.  Tiie  periscope  is  used  to  detei’rnlne  angle  of  site  by 
sighting  on  target. ’  As  the  periscope  is  elevated  (for  positive 
differences  between  target  and  tank)  the  gun  is  simultaneously 
elevated  through  hydraulic  power  drives o  At  such  time  as  the 
computer  is  energized,  the  periscope  and  range  finder  are  auto¬ 
matically  depressed  by  the  ballistic  drive  shaft  an  amount 
equivalent  to  the  firing  table  value  of  superelevation.  Sub¬ 
sequently,  the  operator  in  conjunction  with  the  Cadillac  gauge 
superelevation,  returns  the  periscope  to  the  line  of  site.  In 
doing  this,  the  gun  is  raised  by  the  amount  of  superelevation. 
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Final  position  of  the  gan  tube  is,  therefore,  angle  of  site  plus 

s 

firing  table  superelevation.  This  proced.ure  outlined  above  re¬ 
sults  in  certain  discreet  errors  since  the.  assumpt  Lon  is  niade  that 
the  trajectory  is  rigid  and,  therefore,  dof’s  not  take  into  account 
the  required  changes  in  the  trajectory  due  to  the  angle  of  site. 
The  purpose  of  this  investigation  is  to  determine  the  extent  of 
tncsc  SFiroi'S  for’  one  ol*  twC  x'u't^Lir’0  3jnjTiurii.tioris  to  06 

used  v;ith  the  105inm  gun  tube  in  the  m6o  tank  and  a  typical  amrau- 
•nition  used  v;lth  the  tube  in  the  M-48  tank.  In  addition 

a  recoinmended  method  for  reducing  these  errors  will  be  made  if 
the  error  is  significant.  The  airanuni tlons  considered  are  the 
APDS  -T,392  for  the  105niin  gun  tube  and  the  HEAT-T-300  (E5^)  for 
the  90nim  gun  tube . 

INITIAL  INVESTIGATION 

TLie  initial  investigation  into  the  extent  of  errors  caused 
by  the  nonrigidity  of  the  trajectory  was  accomplished  by  examin¬ 
ing  ’results  obtained  with  the  present  method  of  instrumentation 
and  comparing  them  with  computed  di d -hit . values  of  gun  elevation 
for  various  ranges  of  the  parameter's  range  and  height.  Values 
of  gun  elevation  for  ranges  of  1000,  2000,  3000,  and  4000  yards 
and  for  height  variations  of  -700  to  at  least  1000  yards  as  deter¬ 
mined  for  the  HEAT  ammunition  are  shovm  in  table  2.  In  the  case 
of  the  AIDS  ammunition,  the  \al  les  of  complementary  angle  of  site 
were  found.  Complementary  angle  of  site  is  that  angle  which 
corrects  for  the  nonrigidity  of  the  trajectory.  Table  1  present's 
these  values  for  the  AIDS  ammunition,  and  from  this  it  is  evident 
that  the  errors  encountered  v^lthin  the  band  of  interest  are  small 
enough  bo  be  neglected. 


Errors  encountered  with  the  HEAT  ainmunltion  as  indicated  in 
table  5  and  figure  1  are  sufficiently  large  to  warrant  a  detailed 
investigation  into  methods  of  error  reduction. 

DETAILED  DJVESTIGATION 

The  premise,  that  a  practical  method  for  correcting  the 
error  due  to  angle  of  site  is  necessary,  eliminates  the  possibility 
of  mechanizing  the  error  as  a  function  of  range  and  height.  It 
is  evident  that  instrumentation  of  the  error  as  a  function  of 
range  and  height  v/ould  in  essence  Involve  the  mechanisation  of 
the  entire  ballistic  surface  of  interest. 

The  inyestlgation  of  a  possible  method  of  correcting  for 
angle  of  site  was  conducted  with  the  premise  that  a  practical 
and  easily  adaptable  solutlori  is  required.  3y  analysis  of.  super¬ 
elevation  at  its  extreme  values,  it  can  be  seer,  that  for  a 
target  located  at  zero  height  the  angle  of  site  is  zero  and- the 
superelevation  as  provided  by  the  computer  is  correct.  At  the 
other  extreme,  that  is  for  a  target  located  ninety  degrees  from 
the  horizontal,  the  angle  of  site  is  ninety  degrees  and  any 
deviation  from  this  angle  would  result  in  error  ,  This  analysis 
of  total  gun  elevation  in  its  extreme  positions  led  to  the  Initial 
approximation  of  total  gun  elevation  to  bo  Eo  Cos  (4+S,  where  Eo 
is  zero  height  elevation  associated  v;ith  slant  range  and  S  is 
angle  of  site.  This  function  is  seen  to  be  correct  in  the 
extreme  cases  as  described  above,  since  Cos  S  is  zero  when  angle 
of  site  is  ninety  degrees  and  unity  v;hen  angle  of  site  is  zero. 

The  effectiveness  of  this  function  as  a  correction  factor  was 
noticeable  but  the  error  remaining  was  still  significant. 
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It  was  next  found  that  by  using  the  expression  Eo  Cos  (Eo+S)+S 
we  cQuld  more  closely  approximate  the  function  for  total  elevation. 
Comparing  the  values  of  this  funiction  (table  6)  with  the  values  for 
true  total  elevation  (table  2)  resulted  in  errors  remaining  as  in¬ 
dicated  in  table  7  and  figure  2.  As  can  be  seen,  the  errors  were 
still  significant  in  case's  where  range  and  height , parameters  were 
large . 

V/e  next  assumed  that  there  exists  a  factor  K  such  that 
E  =  Eq  cos  (Eq+S+K).  This  quantity  was  evaluated 
(K  =  Cos"-^  “  Eq-S)  and  although  not  a  constant,  it  was  found 

that  by  the  Insertion  of  a  value  of  K  =  3°  into  the  cosine  formula, 
we  could  further  reduce  the  error  remaining  to  a  point  well  within 
the  realm  of  error  of  the  computer.  The  values  for  E  =  Eq  Cos 
(Eq  +  S  +  K)  can  be  seen  in  table  8  and  comparison  of  these  values 
with  the  "did-hit"  values  of  table  2  indicated  errors  still  remain¬ 
ing  as  shown  in* table  9  and  figure  3*  Figure  4  is  an  expanded 
version  of  figure  3  in  which  remainlrig  errors  may  be  more  closely 
examined . 

It  should  be  noted  finally  that  for  the  primary  area  of 
interest  (i.e.,  ranges  of  500  to  3000  yards  and  heights  of  -400  to 
1000  yards)  the  maximum  error  remaining  after  correction  is  0.2 
mils  as  compared  to  an  error  of  over  2.0  mils  without  correction. 

It  is  recommended,  therefore,  that  the  function  Eq  Cos  (Eo+S+3°) 
be  instrumented  as  a  method  of  correction.  Further  study  should 
be  made  to  investigate  the  optimum  corrective  equation  for  the 
various  tank  amnos . 

CONCLUSION 

At  present  the  best  possible  and  most  practical  method  of 
mechanizing  a  function  similar  to  the  above  is  being  studied. 
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